Abstract-This paper builds a seepage model of three-region composite reservoir, in which quadratic-gradient effect, well-bore storage, effective radius and three kinds of outer boundary conditions (constant pressure boundary, closed boundary and infinity boundary) are considered. With Laplace transformation, the seepage flow model is transformed into a boundary value problem of three-region composite zero-order modified Bessel equation by the substitution of variables and introduction of dimensionless variables. Based on the similar structure of the solution of the boundary value problem of differential equation, this paper obtains solutions of dimensionless reservoir pressure and dimensionless bottom-hole pressure of three-region composite reservoir in Laplace space. This research not only contributes to further analyse the inherent law of the solution and compile corresponding well test analysis software, but also solves corresponding mathematical model of reservoir and supplements the study on composite reservoir.
INTRODUCTION
Composite reservoir is the reservoir that involves two regions with different properties (the rock-oriented one and the fluid-oriented one), namely, the inner region and the outer one which are separated by a discontinuous interface. There have been many foreign and domestic researches in the area of composite reservoir.
Reference 1 built seepage flow models of composite reservoir. Also, it studied pressure drop, transient behavior and transient pressure analysis of composite reservoir. Reference 2 proposed a composite reservoir model of rock with fractal characteristics. Numerical Solutions of the dynamic pressure of formation pressure is obtained by using the Laplace Numerical Inversion. Some other literatures [3] [4] [5] had studied the well test analysis models of the composite reservoirs, fractal composite reservoirs and multi-bed composite reservoirs which the well-bore storage effect and the skin effect are taken into consideration.
At the beginning of this century, the thought of similar structure of the solution of the boundary value problem of the differential equation began to form in Reference 6. Some gratifying results have been achieved. References [7] [8] [9] proposed mathematical model for well test analysis which perfectly described the fractal composite reservoir with the well-bore storage and the skin factor under three kinds of outer boundary conditions (infinite boundary, constant pressure boundary and closed boundary). Solutions of the reservoir pressure and bottom-hole pressure in Laplace space were obtained by using the Laplace transform. A similar structure of the solution was discovered by analyzing the percolation characteristics of fractal composite reservoir under three kinds of outer boundary conditions. Reference s [10, 11] have established the seepage flow model of the nonlinear percolation model of two-region composite reservoir with binary pressure gradient and nonlinear seepage flow. Seepage flow equations were linearized by variable substitution. Solutions in Laplace space were obtained by Laplace transformation and real space solutions obtained by the Stehfest numerical inversion. However, the above researches mainly studied the mathematical model of the two-region composite reservoir. Base on the above researches, this paper studied the mathematical model of the three-region composite reservoir. With Laplace transformation, the seepage flow model is transformed into a boundary value problem of three-region composite modified zero-order Bessel equation by the substitution of variables and introduction of dimensionless variables. Based on the theory of the similar structure of the solution of the boundary value problem of differential equation, this paper obtains solutions of dimensionless reservoir pressure and dimensionless bottom-hole pressure of three-region composite reservoir in Laplace space. The study simplifies solution procedure and provides a clear idea for compiling corresponding well test analysis software. It can be widely used for well test analysis.
II. THE NONLINEAR SEEPAGE FLOW MODEL OF THREE-REGION COMPOSITE RESERVOIR
To formulate the percolation model, the main assumptions are as follows:
1) The fluid is single-phase, low compressible and follows Darcy's law in two regions.
2) Reservoir has equal thickness, each direction is horizontal and has the same nature; tere exists impermeability around three regions respectively.
3) Neglect the capillary force and gravity effect;
4) The well production quantity is constant. 5) There is no additional pressure drop at the interface of the three seepage regions; 6) Formation pressure is initial reservoir pressure 0 p before producing.
Nonlinear seepage flow basic equations of three-region composite reservoir which consider the influence of well-bore storage and the effective radius Inter region:
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Outer condition: Firstly, in order to facilitate the research and description, dimensionless variables are introduced: Secondly, substituting variable are as follows:
Thirdly, the Laplace transform is taken to the seepage flow model of three-region composite reservoir with dimensionless 
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III. SOLVING THE NONLINEAR SEEPAGE FLOW MODEL OF THREE-REGION COMPOSITE RESERVOIR Solutions of three regions of the BVP (8) which have the form of the product of continued fraction (the similar structure) are obtained as follows:
where the similar kernel function of outer region is delimited as below:
The similar kernel function of middle region is delimited as below:
The similar kernel function of inter region is delimited as below:
where 1 j = denotes that the outer boundary condition is infinite, 2 j = denotes that the outer boundary condition is constant pressure, and 3 j = denotes that the outer boundary condition is closed. Case 1. When the outer boundary condition is
, V. CONCLUSIONS 1) Using variable substitution and Laplace transformation, the seepage flow model of three-region composite reservoir is transformed into a boundary value problem of three-region composite zero-order modified Bessel equation. Solutions of dimensionless reservoir pressure and dimensionless bottom-hole pressure can be constructed by two linearly independent solutions of the basic equation and coefficients of boundary conditions. And these solutions have the form of the product of continued fraction, hence the similar structure.
2) The seepage flow model of three-area composite reservoir has the similar structure of solutions under three different outer boundary conditions. The difference is that similar kernel functions are different under three different outer boundary conditions. ACKNOWLEDGMENT This work is supported the by the Scientific Research Fund of the Sichuan Provincial Education Department of China (Grant No. 12ZA164).
